'Žutica' is the most widespread olive variety of Montenegro, accounting for as much as 98% of olive trees in the southern part of Montenegrin coastal area -Bar subarea. The primary purpose of variety 'Žutica' is olive oil production due to its small fruits and high oil content, although it is also much appreciated as a table olive, prepared in local ways as green and black. As 'Žutica' is an old olive variety there are some phenotypic differences recorded in the fruit properties. Here we evaluated 22 accessions from the area of Bar and Ulcinj, where this variety is very widespread (almost mono-varietal), for 34 parameters of the fruit and endocarp. Significant differences in fruit properties were observed in the accessions. Average fruit size in nine accessions was above 3.5 g and in two accessions more than 4.0 g. Number of fruits per kg ranged from 224 to 330. Cluster analysis and principal component analysis (PCA) were used to group the accessions and evaluate the morphological variability. The accessions clustered into two groups, with two off group accessions of the highest fruit weight. The results showed differences among individuals, especially for large fruit accessions that should be investigated further.
INTRODUCTION
Olive (Olea europaea L.) is an important fruit species in Montenegro. It occupies a quarter of the total area under fruit plantations [Statistical Year Book of Montenegro 2012; Lazović et al. 2014] . It is not known when the olive was introduced to the Montenegrin coast and the Adriatic coast in general. However, by the age of olive plantations [Lazović et al. 2016] and traditional knowledge it is believed that Greeks, who had colonies along the Adriatic, planted the first olives. Through the millennia, olive trees were distributed further, mainly by using root suckers for propagation [Drecun 1956 ]. The oldest examples of ancient olive trees are 'Stara Maslina' (meaning Old Olive) near Bar and 'Velja maslina' (Great Olive) in Budva, which are believed to be more than 2000 years old [Miranović 1994 [Miranović , 2006 .
Favourable environmental conditions of the coastal area of Montenegro helped olives to spread and adapt, and this is reflected in the relatively large number of varieties that have evolved over their time in cultivation. According to the environmental conditions and existing olive assortment, the Montenegrin coast is divided into two sub-regions: Bar, which covers the municipalities in the south -Budva, Bar, and Ulcinj, and in the north the Boka Bay subarea including the Bay of Kotor area and the municipalities Tivat, Kotor and Herceg Novi.
The olive variety 'Žutica' dominates, representing 65% of all varieties, compared with other cultivated varieties such as 'Crnica', 'Sitnica', 'Lumbardeska', etc. 'Žutica' has special importance in the sub-region of Bar where it is almost exclusively present (around 98%). 'Žutica' variety is described as having small [Miranović 1994 [Miranović , 2006 ] to medium-large fruits [Lazović 2001 , Lazović et al. 2002a and with olive oil contents higher than 20%, intended predominantly for olive oil production. Previous studies showed it to have consistent morphological and physical properties, without notable diversity suggesting the existence of different forms [Miranović 1994 ]. However, later studies with isoenzyme markers showed the possible existence of diversity within this variety [Lazović et al. 2000 [Lazović et al. , 2002b . Those results implied the need for additional monitoring of morphological traits in a larger number of 'Žutica' accessions.
Morphological and agronomic characteristics have been used in many countries [Cantini et al. 1999; Barranco et al. 2000 , Rotondi et al. 2003 , Trentacoste and Puertas 2011 ] to identify and characterize cultivated olives, as essential components in evaluating genetic material. A number of clones with different morphological and agronomic characteristics can be found within a single olive variety [Bellini et al. 2008] , revealing intra-varietal polymorphism [Lopes et al. 2004] . Clonal vegetative propagation has been practiced in olives for several thousand years [Garcia-Diaz et al. 2003 ], and it was almost the only way for olive propagation in Montenegro [Drecun 1956 ]. Therefore, analyses of morphological and agronomic characteristics can contribute to assessing diversity in an old olive variety such as 'Žutica'.
This study assessed the degree of variability of the variety 'Žutica' in the southern part of Montenegro based on fruit and endocarp characteristics.
MATERIALS AND METHODS
Plant material. During three consecutive years (2009) (2010) (2011) , 22 accessions inventoried in pure plantations of variety 'Žutica' in the southern part of Montenegro (Bar subarea) were studied. Accessions were labelled according to the locations. Plant material studied is listed in Table 1 and their locations identified in Figure 1 , showing the accession name and the locality of distribution.
Morphological characterization. Morphological properties were measured during the period 2009-2011, according to the olive descriptor Barranco et al. [2000] . A sample of 100 fruits was taken from each accession from all sides of the crown and from the mid treetop section. The fruits were at the beginning of ripening phase, reaching the full fruit size characteristic of variety 'Žutica'. The harvested sample was divided into two sub-samples: one of 40 fruits was used for characterising the fruit and endocarp, while 100 g from the second subsample was used for determining moisture and dry matter content in the fruit. A total of 34 characteristics of the fruit and endocarp were analysed, of which 14 were quantitative: 'length' (FL, EL), 'width' (FW, EW), 'shape index' of fruit (FI) and endocarp (EI), fruit (FWe) and endocarp 'weight' (EWe), 'fruit pulp weight' (FPW), 'fruit pulp percentage' (FPP), 'pulp/endocarp ratio' (P/E), 'fruits per kg' (FNo), 'water content' (FWC) and 'dry matter' (FDM), and 20 were qualitative, made up of 10 fruit characteristics: 'form' (FF-FL/FW), 'symmetry' (FSI), 'maximum diameter' (FMD), 'apex' (FA), 'base' (FB), 'nipple' (FN), 'presence of lenticels' (FPL), 'size of lenticels' (FSL), 'start of colour change' (FSC), 'colour at full maturity' (FCM), and 10 endocarp characteristics: 'form' (EF-EL/EW), 'symmetry A' (ESA), 'symmetry B' (ESB), 'maximum transversal diameter' (EMD), 'apex' (EA), 'base' (EB), 'surface' (ES), 'number of grooves' (ENG), 'groove distribution' (EGD) and 'apex termination' (EAT).
Data analysis. Means of each quantitative trait and accession was obtained based on three-year results, and subjected to one-way analysis of variance (ANOVA), testing for significance at the P < 0.05 level. A pairwise comparison of means by least significant difference (LSD) was applied. The data were standardized and principal component analysis (PCA) was performed. Hierarchical cluster analysis was carried out using the unweighted pair group method using arithmetic average (UPGMA). A dendrogram was created using the squared Euclidean distance as the dissimilarity coefficient. All analyses were done using the software Statistica 5.0 (StatSoft Inc. Tulsa, USA).
RESULTS AND DISCUSSION
Bio-morphological evaluation of 'Žutica' accessions. The use of morphological characteristics is the initial step in the description and classification of olive germplasm and biometric data should always be accompanied by detailed morphological descriptions [Barranco et al. 2000 , Rotondi et al. 2003 ]. Fruit and stone traits are considered very efficient morphological parameters in distinguishing among cultivated olives [Cantini et al. 1999 , Barranco et al. 2000 , Belaj et al. 2011 , Peres et al. 2011 , Rotondi et al. 2011 . Analyses of all fruit and endocarp traits of the 22 'Žutica' accessions (tab. 2) showed significant differences for all traits except FW. Accession VAL2 had the highest FL, FI, EL and EW. Means for FI and EI ranged from 1.23 (DAB2 and CSV1) to 1.44 (VAL2), and from 1.74 (STM1) to 2.04 (DM5) respectively, dividing the accessions into two groups for both fruit and endocarp shape.
Based on FI variation among accessions, two categories of fruit, round and oval, were distinguished. The corresponding endocarp trait EI is less influenced by the environment and is used in pomologic classification [Roselli et al. 2002; Cantini et al. 2008; Puertas 2011, Trujillo et al. 2013] . Oval and elliptic shapes were recognised.
The physical traits (tab. 3) showed significant differences amongst accessions, especially for parameters FWe, FPW, FNo, FDM, FWC, FPP and P/E, and differences for EWe were highly significant. The fruit characteristics, especially the fruit pulp, indicated not only the high diversity amongst 'Žutica' accessions, but also the impact of the year of sampling within each accession, which was found in earlier research on the two-year cycle of olive bearing [Lavee and Wonder 2004 , Trentacoste et al. 2010 , Trentacoste and Puertas 2011 .
Average FWe and FPW for the accessions were 3.48 g and 3.05 g, with VAL2 having the highest and KAP2 the lowest values. The EWe was on average 0.43 g, being smallest in accession DAB3, which together with DAB2 had the highest FPP. The FDM was on average 43%, being highest in accession BRI1 and lowest in STM2.
Amongst the 20 qualitative parameters studied (listed in 'Materials and Methods', data not shown due to limited space), nine traits (FSI, FMD, FA, FN, FSC, EMD, EA, EGD and EAT) were monomorphic, showing no differences amongst accessions. However, eleven traits, five fruit-related (FF, FB, FPL, FS, FCM) and six endocarp-related (EF, ESA, ESB, EB, ES, ENG) showed significant differences among accessions. Only one accession (BRI2) differed in FCM from the others, while for EF and ESA the accessions were differentiated as follows: ovoid (5) : elliptic (17), and symmetric (9) : slightly asymmetric (13), respectively.
Principal component analysis. The most significant variables in the study were identified with Analysis of Principal component (PCA) (tab. 4). Characterization of the material using multivariate analyses (PCA and cluster analysis) enabled us to gain an overall view of variability amongst the accessions based on the complete range of traits. PCA has been used in the evaluation of olive germplasm [Cantini et al. 1999, Trentacoste and Puertas 2011] and in analysis of olive genetic diversity [Bandelj et al. 2002 , Hosseini-Mazinani et al. 2004 , Hannachi et al. 2008 , Uylaşer et al. 2008 , Strikic et al. 2009 , Zaher et al. 2011 . The PCA used in our work showed that more than 91% of observed variability was explained with the first three components, similar to the results reported by Cantini et al. [1999] for olive accessions in the germplasm collection in Italy.
Eigenvalues of the first three axes of the principal components accounted for 62.28, 16.56 and 12.34 i.e. 91.17% of the total variability observed. The largest portion in variability corresponded to nine traits of the first principal component PC1 (FL, FI, EL, EW, EI, FWe, FPW, EWe, FNo). The highest contribution to PC2 corresponded to fruit FW, FPP and P/E, and on PC3 the highest contribution was of FWC and FDM. Results obtained agreed with previous PCA of morphological characters in olive accessions grown in different olive areas [Cantini et al. 1999 , Lavee and Wonder 2004 , Taamalli et al. 2006 , Ozkaya et al. 2006 Trentacoste et al. 2010 , Zaher et al. 2011 . Fruit size and endocarp morphology are the products of complex genetic and environmental parameters [Strikic et al. 2009 ].
The correlation matrix of variables obtained from PCA showed a negative correlation of dry matter content with FWC. Also, FPW was negatively correlated with variables related with the endocarp (EL, EW, EI, EWe) and fruit dimensions (FL, FW, FI, FWe), but positively with fruit pulp percentage (FPP) and fruit ratio and P/E. Table 4 also shows the first three principal factor loadings in 22 'Žutica' accessions. Accessions VAL2 and STM2 had the highest positive values on PC1, related to the highest fruit and endocarp values and the highest negative scores for number of fruits/kg. The data confirmed the suitability of multivariate analysis as a basis for further selection on a wider range of individuals. There was no grouping of 'Žutica' individuals according to the location, as was observed in studies of the varieties 'Zard' and 'Rowghani' [Hosseini-Mazinani et al. 2004] and 'Oblica' [Strikic et al. 2009] .
In general, PCA may help the selection of accessions with better fruit quality traits. Those traits are also important in breeding, so more attention should be paid to them during further evaluations. Fruit traits are especially important as they have high heritability [Arias-Calderon et al. 2014] , and endocarp properties are the least dependent on environmental conditions [Barranco et al. 2000 ]. This should be taken into account in further characterization of olive genetic resources in Montenegro.
Cluster analysis. To determine the hierarchical similarity among clones, a dendrogram was created from UPGMA cluster analysis using 14 biomorphological traits selected in the PCA (tab. 4), presented in Figure 2 . Using the value 21 as the standardized maximum distance for separation of groups, two main clusters were distinguished with smaller grouping within the clusters. The two groups showed dissimilarity between 26 and 42. Two 'Žutica' accessions (VAL2 and STM2) showed morphological differences which separated them from the rest of the individuals. These accessions were not included in clusters with others, as they were distant in terms of the highest fruit and endocarp traits and number of fruits per kg.
The first cluster consisted of thirteen accessions with one, BRI1, separated but connected to the group and characterised by the highest dry matter content (50.3%). The second cluster was composed of six accessions, of which four were from Ulcinj, suggesting a geographic connection to some extent. This cluster was connected with accession DM5 from Stari Bar, suggesting a clonal relation, also closely related to VAL1, while VALL was linked with BRI2 in the first cluster. 0  5  10  15  20  25  30  35  40  45   DAB2  SUS1  DAB3  CSV1  DAB4  KAP1  SUS2  CSV2  ZAVB  KAP2  VALL  BRI2  STM1  BRI1  DM5  VAL1  STUL  VALD  VALVO  KUR  STM2  VAL2 The second cluster linked the accessions with higher values of FWe, EWe and FPW, while the first cluster contained individuals with higher pulp ratio, P/E and FNo.
Morphological variability among 'Žutica' accessions is not surprising having in mind the long period of cultivation, which supports previous studies of clones within predominant olive cultivars such as 'Picholine marocaine' [Zaher et al. 2011] , and 'Oblica' [Strikic et al. 2009] .
Agronomic properties of 'Žutica' accessions. Here we have demonstrated the presence of morphological variability within accessions of the variety 'Žutica' (tabs 2, 3 and 4). The most important variability occurred in fruit properties, indicating that characteristics of the fruit (FWe) for some 'Žutica' accessions are comparable to those obtained for foreign varieties grown under the conditions of the Montenegrin coast [Lazović 2001 , Lazović et al. 2002a . Accessions distinguished with high FWe, FPW, FPP and P/E ratio are important for further selection and good potential for producing table olives. Table olives play an important role in the local diet, although Montenegro imports pickled olives from Greece, Italy and Spain. The variety 'Žutica' is appreciated for consumption prepared in local traditional ways. The quality classification of table olives is according to their size, represented as the number of fruits per kilogram, as well as pulp/endocarp ratio and total dry matter [Uylaşer et al. 2008] . Therefore, the use of certain varieties for consumption depends on their agronomic and technological properties such as the fruit form, fruit ratio, texture, etc. [Rejano and Garrido, 2006] .
The quality parameters presented in Table 4 showed significant variation, especially in the FWe, EWe and FDM. In this study, no accession had a fruit weight below 3 g, and in two accessions it was above 4 g (VAL2 and STM2). The fruit weight of these accessions is comparable with the average obtained for varieties Itrana in Ulcinjsko polje [Lazović 2001] and Manzanilla and Leccino in the conditions of Bar [Lazović et al. 2002a ].
Significant differences were determined amongst the 22 accession for the parameters important for table olives, such as fruit ratio (P/E -pulp/endocarp), the average number of fruits per kilogram (from 224 to 330), and moisture and dry matter content. No variation was found in fruit number per kg based on location that was also reported for the Turkish variety 'Gemlik' [Uylaşer et al. 2008] .
CONCLUSION
Our analyses of fruit properties of 22 accessions of 'Žutica' olive variety clearly showed high variability in morphological characteristics. The accessions with fruit weight above 4.0 g (VAL2 and STM2) and even those over 3.5 g could be the subject of further studies on suitable agronomic traits. The differences expressed, especially in two off-group clustered accessions could be an example of homonymy. Olive variety 'Žutica' represents 98% of the olive material in the Bar sub-region, making the varietal characterization complex, but which is also important for producers to provide a unique product. The distance between variety 'Žutica' accessions suggests the existence of a certain level of intra-cultivar variation that should be further investigated with genetic markers. The intra-varietal classification allows access to unexplored sources of variability, which could be a reservoir of useful characters not yet found in other local cultivars.
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